The maturation of T cells is an intricate process involving the interaction of developing thymocytes with discrete microenvironments within the thymus. Numerous studies have indicated that distinct thymic compartments provide signals required for each stage of thymocyte maturation. In this study we performed a comprehensive analysis of the expression patterns of Eph-A receptors and ephrins-A in the thymus using in situ hybridization and reverse transcription-polymerase chain reaction, and show that expression of these molecules is highly compartmentalized. Based on these expression patterns and the known mechanisms of action of Eph receptor/ephrin interactions in other organs, these data suggest that differential Eph receptor expression on discrete subsets of thymic stromal cells may be important in establishing compartment boundaries and preventing intermingling of stromal cell subtypes. Further, together with chemotactic signals such as those provided by chemokines, regulated Eph receptor/ephrin expression on thymocytes may play a role in thymocyte migration. q
Results and discussion
The development of mature T cells from progenitor cells is a sequential process that takes place in the thymus. Structurally, the thymus is composed of three compartments: the subcapsule, cortex, and medulla. Each of these compartments is defined by unique stromal components that provide distinct microenvironments for thymocyte maturation. As thymocytes mature, they migrate in a stereotypical fashion through the three thymic compartments, ensuring that maturation signals are delivered in a stepwise and orderly manner (Anderson et al., 1996 (Anderson et al., , 2000 . Currently, little is currently known about the mechanisms involved in the establishment and maintenance of thymic compartments. In other developing organ systems, Eph receptors and ephrins play an important role in establishing compartment boundaries and regulating cell migration (Holder and Klein, 1999) . Eph receptors are divided into two subclasses, A and B, according to sequence homology and to binding affinity for their ligands, the ephrins A and B, respectively (Flanagan and Vanderhaeghen, 1998) . To address the potential role of Eph receptor/ephrin interactions in the thymus, we first performed a comprehensive analysis of the expression patterns of the A subfamily of these proteins using in situ hybridization on thymic sections.
Of the eight members of the Eph receptor A subclass, five are detected on thymic sections by in situ hybridization with antisense mRNA probes, while the other three members are undetectable. EphA7 is uniformly expressed in the thymic cortex and subcapsule, but is virtually absent from the medulla (Fig. 1A) . Reverse transcription-polymerase chain reaction (RT-PCR) analysis indicates that EphA7 is expressed in all subsets of thymocytes (Table 1 and Fig. 4) ; however, higher power magnification images (Fig. 1C,E) indicate that the most intense staining in the cortex localizes to large cells with irregular morphology, suggestive of stromal cells. In situ hybridization with the antisense probe to EphA8 produces intense staining in the thymic subcapsule. In addition, there are scattered individual cells in the medulla that express EphA8 (Fig. 1B,D,F) . RT-PCR analysis indicates that only medullary (SP) thymocytes express EphA8 (Table 1 and Fig. 4) ; thus, it is likely that the subcapsular staining represents expression in stromal cells residing in that compartment.
We also reliably detected expression of three other EphA receptors in the thymus by in situ hybridization (EphA1, A2 and A4), although the signals from these genes were consistently very close to background levels. All three of these genes are expressed predominantly in the thymic medulla (Fig. 2) . As the mRNA for EphA1 and EphA2 are not (Table 1 and Fig. 4 ), the expression of these genes appears restricted to medullary stromal cells. In contrast, EphA4 mRNA is detected in medullary, but not other subsets of thymocytes ( Table 1 ), suggesting that EphA4 may be expressed by both thymocytes and stromal cells in the thymic medulla.
Five ligands for EphA receptors have been identified, and of these three were detected in the thymus by in situ hybridization (Fig. 3 ). Of these three, all were detected in all subsets of thymocytes by RT-PCR (Table 1 and Fig. 4) . By in situ hybridization, the antisense probe for ephrinA1 stains very intensely in the thymic subcapsular zone, somewhat less intensely in the cortex, and not in the medulla (Fig.  3A) . Ephrin A2 is found throughout the thymus, but with less intense staining in the thymic medulla (Fig. 3B) . Ephrin A5 is most highly expressed in the subcapsule, with lesser staining evident in the cortex in the vicinity of blood vessels, but not in the medulla (Fig. 3D-F) .
Together, these data demonstrate that Eph receptors and ephrins of the A subfamily show compartmentalized expression in the thymus. We also show that thymocytes at different stages express distinct subsets of Eph receptors and ephrins, indicating that these molecules are developmentally regulated during T cell differentiation. Interestingly, another group recently published some of the A subfamily Eph and ephrin protein expression patterns in the rat thymus (Munoz et al., 2002) . Their results agree with ours in that Eph and ephrin expression is developmentally regulated; however, the details of the expression patterns differ significantly. While it is possible that these differences reflect divergences of RNA and protein expression, in the two cases where antibody staining was reproducible (EphA8 and ephrinA2), we observed identical RNA and protein expression patterns (data not shown). Instead, we suggest that distinct rat and mouse expression patterns reflect species-specific differences.
Experimental procedures

Mice
All mice were housed under SPF conditions. Thymocytes were isolated from B10.BR mice, age 6-12 weeks; thymi used for in situ hybridization were from 5-7-week-old C57BL/10 mice.
In situ hybridization
Transcription of sense and antisense probes was performed with the MEGAscript transcription kit from Ambion Inc. (Austin, TX) using digoxigenin-labeled deoxynucleotides from Roche Molecular Biochemicals (Indianapolis, IN). Plasmids containing Eph A2, A3, A4, A5, A8, ephrin A1, and ephrin A5 sequences were generated by amplifying the relevant fragments from brain or thymus cDNA (primer sequences available upon request). The Eph A1 plasmid was provided by Dr. William J. Gullick In situ hybridization was performed as described elsewhere (Shaeren-Wimers and Gerfin-Moser, 1993), with the following modifications. Anti-DIG antibody was preadsorbed in embryo powder prepared from fetal day 13.5 mice (Wilkinson and Nieto, 1993) . In all cases, thymic compartments were identified by comparison to serial sections stained with the probe to MHC class II. Anti-digoxygenin antibody was purchased from Roche Molecular Biochemicals (Indianapolis, IN). a The results are representative of 2-4 independent experiments. 1, a detectable PCR product; 2, no detectable PCR product; 1*, detectable PCR product, but no detectable signal on thymus sections by in situ hybridization. Note that these PCR reactions were not performed using quantitative methods; thus, both very high and very low levels of expression are denoted as (1). TN, CD4
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2 CD8 2 thymocytes; DP, CD4 1 CD8 1 thymocytes; SP, mixed CD4
2 CD8 1 and CD4 1 CD8 2 thymocytes.
